Extranodal follicular dendritic cell (FDC) sarcoma of the head and neck region is uncommon, with 16 well-documented cases previously reported (four in the tonsil, four in the pharynx, two in the palate, five in the soft tissue, and one in the thyroid). We here report an additional three cases of extranodal FDC sarcoma in the tonsil (two cases) and pharynx (one case). In these new cases, the neoplastic cells were arranged in diffuse, fascicular, and vaguely whorled growth patterns. A background lymphocytic infiltrate was sprinkled throughout the neoplasms, with focal prominent perivascular cuffing. Scattered multinucleated giant cells were present. Immunohistochemically, tumor cells were strongly and diffusely positive for follicular dendritic cell markers CD21 and CD35. Tumor cells were diffusely positive for fascin and negative for leukocyte common antigen, S-100 protein, cytokeratin, and Epstein-Barr virus (EBV) latent membrane protein-1 (EBV-LMP). EBV was also not detected in the tumor cells by in situ hybridization for EBV-encoded RNAs. FDC sarcomas are probably an underrecognized neoplasm, especially when they occur in extranodal sites in the head and neck region. Two of the three new cases we report were initially misdiagnosed, and five cases of extranodal FDC sarcoma in the head and neck region reported in the recent literature were initially misdiagnosed. Our aim is to complement the current understanding of this neoplasm and alert pathologists to this rare entity in this region to avoid misdiagnosis. Recognition of extranodal FDC sarcoma requires a high index of suspicion, but this tumor has numerous distinctive histological features that should bring the neoplasm into the differential diagnosis. Confirmatory immunohistochemical staining with follicular dendritic cell markers such as CD21 and/or CD35 is essential for the diagnosis. Correct characterization of this neoplasm is imperative given its potential for recurrence and metastasis.
Follicular dendritic cell (FDC) sarcoma was first described in 1986 by Monda et al. (1) on the basis of a series of four cases, all of which occurred in lymph nodes. In recent years, there has been a surge of interest in this tumor because of the availability of more sensitive markers to confirm FDC lineage and thus wider recognition. Recently, there have been a number of large series and review articles on this neoplasm . Approximately 65 cases have been reported to date, with most occurring in lymph nodes. Fewer than one third of the reported cases have been located in extranodal sites (2, 3, 5-9, 12, 14, 19 -25, 27-33) . In 1994, Chan et al. (30) reported the first 2 cases of extranodal FDC sarcoma, both of which occurred in the oral cavity. Since then, the spectrum of FDC sarcoma in extranodal sites has greatly expanded to include locations throughout the body (2, 3, 5-9, 12, 14, 19 -25, 29, 30, 34) . The tonsil, nasopharynx, pancreas, peripancreatic, and peritoneal tissues are the most common extranodal sites. Extranodal FDC sarcomas are rare, and only 16 cases in the head and neck region have been reported in the literature (2, 5-9, 12, 28 -30, 35) .
We here report three additional cases of FDC sarcoma, two of which were initially misdiagnosed. Two of the cases originated in the tonsil and 1 in the nasopharynx and oropharynx. Our aim in reporting these cases is to broaden the clinicopathologic spectrum of FDC sarcoma to aid pathologists in the recognition of this neoplasm.
MATERIALS AND METHODS
Tissue specimens were fixed in 10% buffered formalin and routinely processed for light microscopy. For histologic evaluation, 5-m-thick sections were cut and stained with hematoxylin and eosin (H&E).
Immunohistochemical studies were performed on formalin-fixed, paraffin-embedded tissue sections using the avidin-biotin-peroxidase complex (ABC) method (36) in a DAKO Auto-Stainer (Carpinteria, CA). The primary antibodies used were a "cocktail" of three anticytokeratin mouse monoclonal antibodies (Boehringer-Mannheim, Indianapolis, IN; 1:200 dilution; clones AE1 and AE3; and Beckton-Dickinson, Mountainview, CA; 1:5; CAM 5.2) that recognize a wide spectrum of highand low-molecular weight cytokeratin peptides, monoclonal antibodies to CD45 (DAKO; 1:300; clones PD7/26 and 2B11), CD21 (DAKO; 1:5; clone 1F8), CD35 (DAKO; 1:10; clone Ber-MAC-DRC), fascin (DAKO; 1:100; clone 55k.2), Epstein-Barr Virus Latent Membrane Protein-1 (DAKO; 1:50; CS1-4) and a "cocktail" of a mouse monoclonal antibody and a rabbit polyclonal antibody to S-100 protein (Ventana, Tucson, AZ, 1:2, clone 15E2E2). The immunoperoxidase staining was performed by using the LSAB2 peroxidase kit (DAKO). To enhance the immunostaining, a heat epitope retrieval procedure was performed using a Black and Decker vegetable steamer (Shelton, CT). Briefly, deparaffinized sections were placed in a thermoresistant container filled with citrate buffer solution (pH 6.0), steamed for 45 minutes, and then cooled for 20 minutes before staining. The antigen-antibody reaction was visualized using 3-amino-9-ethylcarbazole as chromogen. To evaluate the specificity of the antibody, tissues known to have positive and negative reactions were used as controls.
In situ hybridization for Epstein-Barr virus (EBV)-encoded RNAs was performed on paraffin sections using a fluorescein-conjugated peptide nucleic acid probe (DAKO; Y5200).
RESULTS

Clinical Data
Case 1
A 48-year-old woman presented at a Korean hospital with an enlarged, hard, fixed lymph node of the left submandibular area that had been present for about 1 month. The patient was otherwise in good health. The clinical impression was that the lesion represented either metastatic carcinoma or lymphoma.
A fine needle aspiration of the mass was performed, and the diagnosis was of an "atypical mesenchymal lesion with inflammation suspicious for inflammatory pseudotumor or low grade malignancy." The patient underwent a left tonsillectomy with a left radical neck dissection. The tonsil measured 3.5 ϫ 3.5 ϫ 2 cm and contained an ill-defined, yellow-white firm mass with hemorrhage measuring 1.5 ϫ 1.2 ϫ 1.0 cm. One of the 44 lymph nodes in the specimen was involved by tumor. The involved lymph node measured 5 cm in greatest dimension and was completely replaced by tumor. The patient has remained disease-free for 6 months after surgery.
Case 2
A previously healthy 48-year-old man living in Singapore sought medical attention because of pain in the tonsillar area. Intraoral examination revealed a swollen, enlarged right tonsil. No neck masses or lymphadenopathy was noticed. The clinical impression was chronic tonsillitis.
A right tonsillectomy was performed. The right tonsil measured 3.5 ϫ 2 ϫ 2 cm and contained a multinodular submucosal mass. The left tonsil was not enlarged and was not surgically removed. The patient's health was otherwise excellent. The patient has remained disease free for 8 months after surgery.
Case 3
A 33-year-old man living in the United States first sought medical care for shoulder pain in 1998 and subsequently developed a lump near his right ear in November 1998, at which time magnetic resonance imaging showed a mass in the right base of the patient's skull in the retroauricular area. A biopsy of the right oropharynx and nasopharynx was performed, with a diagnosis of malignant schwannoma. The patient underwent surgery and later, radiation therapy. Ten months later, masses in the right chest and left lung were identified that were consistent with metastatic tumors. A needle biopsy of the tumor in the lower aspect of the left posterior lung was performed, with a diagnosis of metastatic sarcoma. The patient was referred to M. D. Anderson Cancer Center for chemotherapy. The patient was otherwise in good health previously, without medical or surgical problems.
Histopathologic Findings
Two tonsillectomy specimens and one pharyngeal biopsy specimen were examined. All three specimens contained neoplasms that were relatively well circumscribed, with pushing borders (Fig. 1) . Several growth patterns were observed within the tumors, including characteristic storiform (Fig. 2) , interlacing fascicular, and diffuse patterns. Neoplastic cells consisted of uniform oval-to-spindle cells with smooth nuclear membranes and fine to coarsely speckled chromatin with distinct nucleoli (Fig. 3) . The cells had pale eosinophilic cytoplasm and showed a syncytial growth pattern with ill-defined cell borders. Neoplastic multinucleated cells (Figs. 3, 4 ) and occasional nuclear pseudoinclusions were seen. A constant feature in all cases was a background of variable numbers of small mature lymphocytes scattered throughout the tumor, as well as cuffing around vessels (Fig. 5) . Dilated blood vessels with an irregular configuration and small vessels with thick hyalinized walls were also present. The mitotic rate in the tonsillar neoplasms was low (0 -3 mitoses per 10 high-power field), and nuclear pleomorphism was not observed. Nuclear pleomorphism and an increased mitotic rate (8 mitoses per 10 high-power field) were observed in both the oropharyngeal neoplasm and lung metastasis in Case 3 (Fig. 6 ). The histology of the primary tumor in Case 3 was identical to that of the metastasis to the lung. Necrosis was absent in all three cases.
The paraffin blocks were available in all three cases for immunohistochemical analysis. Tumor cells, including giant cells, in Cases 1 and 2 were strongly and diffusely positive for the FDC markers CD21 and CD35. Tumor cells in Case 3 were diffusely positive for CD21 and focally positive for CD35. These markers highlighted the delicate interconnecting cell processes of the tumor cells, forming whorls and complex networks ( Fig. 7A-B) . Tumor cells in all three cases were positive for fascin with diffuse cytoplasmic staining and were negative for S-100 protein, cytokeratin, EBV latent membrane protein-1 (EBV-LMP), EBER, and leukocyte common antigen.
DISCUSSION
FDC sarcoma is an uncommon neoplasm of antigen-presenting cells of the B-cell follicles of lymphoid organs. Follicular dendritic cells are required for germinal centers of B-cell follicles, which are present not only in lymph nodes but also extranodally, either as acquired lymphoid tissue or as part of the organized constitutive lymphoid tissue (37) . It is therefore reasonable that tumors with FDC differentiation arise at extranodal locations. FDC sarcomas in extranodal sites have been found in locations throughout the body, including the pancreas, tonsil, peritoneum, palate, pharynx, stomach, small intestine, colon, mesentery, mesocolon, spleen, mediastinum, liver, thyroid, lung, retroperitoneum, and breast (2, 3, 5-9, 12, 14, 19 -25, 27-33) .
Nineteen cases of extranodal FDC sarcoma of the head and neck region have been reported in the literature, including the three cases from this report (six in the tonsil, five in the pharynx, two in the palate, five in the soft tissue, and one in the thyroid; 2, 5-9, 12, 28 -30, 35). Eleven cases have occurred in women and eight, in men. Patient age at diagnosis ranged from 14 to 76 years (mean, 42.2 y). Tumor size ranged from 1 to 14 cm in maximum dimension (mean, 4.8 cm); size was not recorded for four tumors. Follow-up was available for 17 (89%) of the 19 patients and ranged from 6 months to 15 years (mean, 2.75 y). Of these 17 patients, 9 (53%) have remained disease free after surgery and 8 (47%) have had a recurrence; 10 (59%) have had evidence of metastasis or tumors with lymphatic permeation. Of these latter 10 patients, 5 (50%) had distant metastasis to the lung, brain, or both, and 5 (50%) had tumors with lymphatic permeation or local metastasis to lymph nodes. One (5.9%) of the 17 patients has died of disease. Nine patients (47%) of the 19 were treated with radiation, and 5 patients (26%) were treated with chemotherapy (Table 1) . Three (16%) of the 19 extranodal FDC sarcomas had at least one unfavorable histologic attribute (pleomorphism, Ͼ5 mitoses per 10 high-power field, necrosis) (6) .
Awareness of FDC sarcoma and the ability to recognize this tumor are important, because the tumor closely mimics a wide variety of other tumors and tumor-like lesions. Often, FDC sarcoma is not considered in the differential diagnosis, especially when they occur in extranodal sites. Even with immunohistochemical studies, the diagnosis of FDC sarcoma may be missed because FDC markers are not included among the routine panel of antibodies used for the investigation of undifferentiated neoplasms.
The following seven cases of extranodal FDC sarcoma of the head and neck illustrate how elusive the diagnosis of FDC sarcoma can be. FDC sarcoma was not the initial diagnosis in two of the three new cases in this report and was not the initial diagnosis in five cases of extranodal FDC sarcoma of the head and neck region reported in the literature (5, 8, 9, 29) . Case 1 in our report was initially diagnosed as an "atypical mesenchymal lesion with inflammation suspicious for inflammatory pseudotumor or low grade malignancy." Case 3 was initially diagnosed as a malignant schwannoma.
The extranodal FDC sarcoma of the parapharyngeal region reported by Desai et al. (29) was initially diagnosed as a parapharyngeal ectopic meningioma. One year after diagnosis, the patient developed a recurrence at the same site. Reexcision showed an identical tumor with additional features of lymphatic embolization and angioinvasion. A revised diagnosis of extranodal FDC sarcoma was The extranodal FDC sarcoma of the palate reported by Chan et al. (30) , was initially diagnosed as "probably acinic cell carcinoma" on biopsy. Radiation therapy was applied to the entire oral cavity and upper anterior lymphatic chain. Later, wide local excision was performed, and "an exact histogenetic diagnosis could not be rendered from the specimen because of negative immunohistochemical staining with a wide panel of antibodies" (30) . A revised diagnosis of FDC sarcoma was retrospectively made. The FDC sarcoma of the thyroid reported by Galati et al. (8) was initially diagnosed as a poorly differentiated non-small cell carcinoma after fine needle aspiration.
Araujo et al. (7) reported a case of extranodal FDC sarcoma of the palate. The clinical impression of the mass was that of a benign salivary gland tumor. The authors' first impression of the tumor histologically was that of a fibrous histiocytoma. The sprinkling of lymphocytes within the tumor led the authors to suspect FDC sarcoma. FDC markers were applied using CD21 and CD35 confirming the diagnosis of FDC sarcoma.
Choi et al. (9) reported a case of FDC sarcoma of the left neck that was initially diagnosed as a "malignant ectopic thymic tumor consistent with CAS-TLE (carcinoma showing a thymus-like element)." Eleven years later, after chemotherapy, radiation therapy, and metastasis to the brain and lung, a revised diagnosis of FDC sarcoma was made after CD21 and CD35 were performed on the lung metastasis. Choi et al. (9) also reported another case of FDC sarcoma of the left cervical region as being CASTLE. A correct diagnosis of FDC sarcoma was not reached until pulmonary metastases were identified Ͼ18 months later, when follicular dendritic cell markers were performed.
Recently, through a personal communication, we learned of a primary FDC sarcoma involving the tonsil that was clinically suspected to be a carcinoma. The frozen-section diagnosis was, "malignant neoplasm, high grade carcinoma versus lymphoma." After consultation, the correct diagnosis was suspected; it was later confirmed after immunohistochemical staining for CD21 was performed. This case was not included in this series because it is currently in press in the American Journal of Otolaryngology.
The head and neck region is not the only location in which extranodal FDC sarcoma has been initially misdiagnosed. Three cases of extranodal FDC sarcoma involving the gastrointestinal tract were initially misdiagnosed as an intraabdominal stromal tumor (21), a diffuse large cell lymphoma of the liver (14) , and an unclassified nonepithelial lowgrade malignant neoplasm of the mesentery (23) .
At least three case reports in the literature describing primary ectopic meningioma of the tonsils and retroperitoneum may have been FDC sarcomas (38 -41) . All three cases displayed histologic features characteristic of FDC sarcoma, consisting of "sheets of ovoid to spindle-shaped cells with fine nuclear chromatin and ill-defined cell membranes forming nests and many distinct whorls" (38) . Photographs of these tumors show a background of mature lymphocytes scattered throughout the neoplastic cells, as well as perivascular cuffing of lymphocytes. One of the cases was classified as an atypical meningioma of the tonsil because of increased mitotic activity (39) . Ultrastructural studies were not performed in the tonsillar neoplasms but were supportive of FDC sarcoma in the retroperitoneal mass. Immunohistochemical staining for follicular dendritic cell differentiation was not performed in any of the cases. Ectopic meningiomas and FDC sarcoma share histologic features, EMA immunoreactivity, and many similar ultrastructural features.
Although a diagnosis of FDC sarcoma can be suspected or presumptively made from the histologic findings, it is mandatory to confirm the diagnosis by immunohistochemistry. CD21 and CD35, directed against the C3d and C3b receptors, respectively, and CNA.42 are the most widely used markers demonstrating FDC differentiation (28, 42) . These markers work well on formalin-fixed, paraffin-embedded materials; however, only CD21 and CD35 are commercially available. Other FDCspecific markers useful for confirming a diagnosis of FDC sarcoma include Ki-M4, Ki-M4p, R4/23, and Ki-FDC1p (43-47). Although FDC immunohistochemical markers are not available in many labs, to make a diagnosis of FDC sarcoma, the cells, by definition, must stain positively for FDC markers. Thus, if a case is suspected of being a FDC sarcoma, it must be sent to an immunohistochemistry lab that does offer markers for FDC differentiation. Staining is sometimes very focal in FDC sarcomas; therefore, it may be worth performing the stain on additional tissue blocks if the diagnosis is strongly suspected and the staining is negative (37) . Routine immunohistochemical markers available in most labs are widely variable in positivity in FDC sarcoma and include vimentin, EMA, S100, CD68, desmoplakin, musclespecific actin, and leukocyte common antigen (2, 5-9, 12, 29, 30) . FDC sarcomas are consistently negative for cytokeratins, HMB-45, CD31, and CD34. Many of these stains may further increase one's suspicion of a FDC sarcoma; however, none of these routine markers offers any more evidence for FDC differentiation than the characteristic histology described earlier. Ultrastructural studies are desirable to have when making a diagnosis of FDC sarcoma but are not diagnostic or necessary (37) . Thus, if FDC sarcoma is suspected on H&E sections, it is imperative to obtain additional immunohistochemical stains to prove follicular dendritic cell differentiation of the cells.
The three cases of extranodal FDC sarcoma in this series are the first in the English literature reported to stain with fascin. All three cases were diffusely positive for fascin, with strong cytoplasmic immunoreactivity. There are also a small number of reports in the literature that describe fascin immunoreactivity in nodal FDC sarcomas. Fascin is an actin-binding protein expressed in follicular and interdigitating dendritic cells and is important for the development of dendrites (48) . It is therefore not surprising that all three cases in this series were immunoreactive for fascin. It is likely that fascin will be positive in most nodal and extranodal FDC sarcomas; however, additional studies will be required to prove this. Although fascin is likely to be a sensitive marker for FDC sarcomas, it is not specific and stains many other neoplasms of dendritic cell origin, including interdigitating reticulum cell sarcoma, juvenile xanthogranuloma, soft tissue dendrocytomas, Rosai-Dorfman lesions, and ReedSternberg cells (48 -53) .
The differential diagnosis of extranodal FDC sarcoma involving the head and neck is broad; however, the possibility of FDC sarcoma should especially be entertained in neoplasms resembling ectopic meningioma, thymoma-like tumors occurring outside the mediastinum, tumors resembling malignant fibrous histiocytoma with admixed lymphocytes, and unusual cytokeratin-negative neoplasms (6) . Other neoplasms in the differential diagnosis include undifferentiated nasopharyngeal carcinoma, synovial sarcoma, interdigitating reticulum cell sarcoma, spindle cell carcinoma, minor salivary gland tumors, malignant peripheral nerve sheath tumor, acinic cell carcinoma, metastatic carcinoma, malignant melanoma, large-cell lymphoma, inflammatory pseudotumor, angiosarcoma, and Hodgkin's lymphoma. All neoplasms in the differential diagnosis lack follicular dendritic cell differentiation and are easily excluded if FDC sarcoma is considered and immunohistochemical staining with FDC markers is applied. Chan et al. (6) extensively reviewed the differential diagnosis of FDC sarcoma in the above-listed neoplasms and have described in detail the most salient histologic and immunohistochemical features helpful for distinguishing these tumors from FDC sarcoma. Extranodal FDC sarcoma has numerous distinctive histological features that should bring it into the differential diagnosis. Syncytial sheets of cytokeratin-negative cells with focal storiform areas arranged in centripetal whorls reminiscent of meningioma in a background of mature lymphocytes, and focal multinucleate giant cells should bring FDC sarcoma into consideration regardless of the site.
Although it was originally known as follicular dendritic cell tumor, Chan et al. (6) proposed the name follicular dendritic cell sarcoma to emphasize the clinical behavior of the neoplasm as a sarcoma rather than as a lymphoma. Until recently, FDC sarcoma was considered an indolent tumor with a tendency for local recurrence but with a low risk of metastasis. Recent larger reports with longer follow-up have concluded that FDC sarcoma is more aggressive and should be considered at least an intermediate-grade malignancy (6) . At least 40% of documented FDC sarcomas have recurred, and 25% have metastasized (6) . The most common sites of metastasis include the lung, liver, peritoneum, and lymph nodes. Chan et al. (6) documented a mortality rate for FDC sarcoma of 16.7% (7 of 42 cases).
FDC sarcoma has been associated with EBV and with hyaline-vascular type Castleman's disease. EBV has been documented to be positive in a small percentage of cases of FDC sarcoma; however, all cases have occurred in the liver and spleen, with morphologic features mimicking inflammatory pseudotumor (6, 21, 22) . No cases of extranodal FDC sarcomas reported in the head and neck region have been associated with EBV (5, 6, 12, 28, 54) .
Thirteen cases of FDC sarcoma have been reported to be associated with Castleman's disease, mostly hyaline-vascular type and rarely, mixed or plasma cell type. Only two of the cases associated with Castleman's disease were located in the head and neck region (4, 6, 26, 28, 35, 37) . Because most cases of Castleman's disease were merely discovered in the same anatomic site as Castleman's disease, it has been suggested that associated Castleman's disease-like changes may represent only a reaction to FDC sarcoma. Recently, however, stronger evidence has demonstrated, with sequential biopsies over the period of 11 years, clear progression from an FDC proliferation in the setting of hyalinevascular type Castleman's disease to FDC sarcoma (28) . Additional studies will be required to establish whether there is a clonal relationship between Castleman's disease and FDC sarcoma. EBV does not appear to play a role in the transformation process of Castleman's disease to FDC sarcoma because all cases associated with Castleman's disease have been EBV negative (6, 28, 54) .
Extranodal FDC sarcomas of the head and neck will probably continue to be an underrecognized neoplasm. Recognition requires a high index of suspicion, but extranodal FDC sarcoma has numerous distinctive histological features that should serve as clues to bring the neoplasm into the differential diagnosis and thus prevent misdiagnosis, as occurred in two of the three cases we report and in 8 cases reported previously in the literature (8, 9, 14, 21, 23, 29, 30, 35) . Once FDC sarcoma is suspected histologically, immunohistochemical stains for follicular dendritic cell differentiation must be performed to avoid the potential for misdiagnosis. Greater awareness of the morphologic spectrum of FDC sarcoma and appropriate immunostains for follicular dendritic cell differentiation should help in their recognition. Correct characterization of this neoplasm is imperative, given its significant recurrent and metastatic potential.
